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® Chemical vapor deposition reactor and method of operation. 



@ A chemical vapor deposition (CVD) reactor and 
method are disclosed wherein a chamber (24). pref- 
erably configured for receiving a single wafer as a 
deposition substrate (22). has multiple gas inlet 
orifices (32A-50A) and exhaust ports (54. 58) which 
are independently adjustable for dynamically varying 
and controlling directionality of local gas flow vectors 
toward and past the deposition substrate (22). the 
injection angie of reactant gas being introduced into 



the chamber (24) being adjusted by baffles (32B- 
508) for staticaHy deflecting gas flow entering the 
chamber (24). adjustrr.ent of the gas inlet orifices 
(32A-50A) and/or exhaust ports (54, 58) and adjust- 
ment of the injection angle for the reactant gas being 
selected for achieving enhanced coating uniformfty. 
and conformaiity of deposition if necessary or de- 
sired, on the suDstrate (22). 
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CHEMICAL VAPOR DEPOSmON REACTOR AND METHOD OF OPERATION 



Reid of the Invention 



The present invention relates to a chemical 
vapor deposition (CVD) method and reactor design 
and more particularly to a CVD method and reactor 
design wherein deposition is initiated by placing 
the substrate In a reactant gas environment 



Background of the Invention 

CVD methods and reactor devices have long 
been employed for depositing films of materials 
such as polycrystalline silicon, silicon dioxide 
(either doped or undoped). silicon nitride, etc. on 
selected substrates. Each of these materials may 
be deposited by a variety of techniques and for a 
variety of applications. ■ 

GeneraJly. the material to be deposited is de- 
pendent upon selection of a reactant gas from 
which the material is deposited and various con- 
ditions of the process. A further discussion as to 
the chemistry of such deposition processes is not 
provided herein. Rather, it is merely noted that the 
CVD method and reactor device of the present 
invention are suitable for use with most materials 
contemplated for CVD applications. 

A substantial number of CVD reactor designs 
have been employed in the past for carrying out 
such deposition techniques. These reactors are 
commonly characterized as providing a reaction 
chamber forming a controlled envelope or environ- 
ment, preferably in terms of pressure and tempera- 
ture, wherein deposition is initiated frorh a reactant 
gas onto a selected substrate. 

As' noted above, the reactant gas may include 
one or more gases taking part in the deposition 
process as well as inert gases which sen/e as 
background or carrier gases during the deposition 
process. 

Additional details concerning the chemistry of 
such CVD processes are described for example In 
a co-pending and commonly assigned U.S. patent 
application entitled "Method of Depositing Silicon 
Dioxide Film and Product", and in many other 
references well known to those skilled in the CVD 
art. 

In any event, it is important to understand that 
the selected CVD process Is of critical importance 
in achieving uniformity of coating on the substrate, 
particularly where the substrate is a semiconductor 
wafer, for example. The importance of the CVD 
processes Is even further emphasized by the need 



for precise definition on a one micron scale, where 
conformance of deposition is also of critical impor- 
tance. 

Prior CVD reactors tend to be capable of clas- 
5 sification in a number of groups summarized imme- 
diately below. 

"Horizontal systems" tend to be characterized 
by a holder for the substrate or wafers arranged for 
example in a tube with gas flowing through the 
TO tube to achieve deposition. 

So-called "vertical systems" include a suscep- 
tor for holding wafers In a chamber typically 
fonmed by an inverted bell jar. The susceptor is 
typically rotated for achieving greater uniformity in 
75 coating across tile surface of the wafers or sub- 
strate. 

In "cylindrical or barrel systems", the sub- 
strates or wafers are typically placed In vertical 
alignment eitiier on the inner or outer surface of a 
20 cylindrical susceptor. Typically, the susceptor is 
rotated within a chamber while reactant gases are 
introduced laterally to achieve deposition on the 
wafers. 

Still other CVD reactors are characterized as 

25 "gas-blanketed downflow systems" wherein reac- 
tant gases are causeo to flow downwardly through 
vertical channels while the substrates or wafers are 
arranged upon a holder or susceptor moving hori- 
zontally beneath the vertical channels to permit 

30 deposition from the gases. 

It may generally be seen that CVD reactors of 
the types outlined abcve are also commonly char- 
acterized by means for regulating gas flow past the 
substrate during deposition. Timing and sequen- 

35 cing controls are also necessary and may vary in 
complexity to assure proper control of the deposi- 
tion technique. 

CVD reactors are also characterized by the 
need for effluent or exhaust means for removing 

40 unreacted gas and possibly carrier gas from the 
chamber as necessary. 

CVD reactors which can generally be classified 
under one or more of tiie above types have been 
disclosed for example in U.S. Patents 4,599.135; 

4S 4.596,208; 4.282,267; 4,142,004; 4,058,430; 
3.922.467; 3.783,822; 3,757.733; 3,750.620; 
3,896.779; 3.633,537; and 3,093.507. 



50 Summary of the Invention 



In any event, particularly because of the need 
for achieving ever greater uniformity of coating, 
and conformality of deposition especially on geo- 
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metric substrates, there hes been found to remain 
a need tor further irnprovements in CVD reactors 
and methods of operation for such reactors. 

It is accordingly an object of the invention to 
provide a CVD reactor design and method of op- 
eration for such a reactor In order to achieve en- 
harwed coating uniformity and enhanced confor- 
- mance of deposition, particularty for substrates in- 
cluding but not limited to semiconductor devices 
and the Oka. 

tt is a further object of the invention to provide 
a CVD reactor with a housing formir^ a dosed 
chamber suitable for maintaining a wafer or deposi- 
tion substrate in a controlled environment of se- 
lected pressure, etc. With the substrate supported 
in the chamber, and maintained at typical CVD 
temperatures, it is siAjected to a deposition envi- 
ronment formed with means for introducing reac- 
tant gas into the chamber. Multiple exhaust vents 
arranged in spaced apart communication with the 
chamber are regulated by respective valve means 
in order to induce a selected pattern of flow vectors 
for the reactant gas in the chamber adjacent the 
substrate in order to enhance deposition uniformity. 
With the deposition substrate preferably being a 
sificon or gallium arsenide wafer, for example, op- 
eration of the valve means as described aix)ve also 
enhances deposition conformance. 

Preferably, the chamber is cylindricai with the 
substrate supported at one axial end of the cham- 
ber and a wall spaced apart from the substrate at 
the opposite axiai end of the chamber. Within such 
a configuration, the exhaust vents are preferably 
formed about the cyiindrical periphery of the cham- 
ber. 

Even more preferably, one or mors additional 
exhaust vents is centrally an-anged in the chamber, 
both the peripheral exhaust vents and the centrally 
arranged exhaust vents oeing operated in se- 
quence by the valve means for inducing selected 
reactant gas flow vector patterns including clock- 
wise swirling motion, counterclockwise swirling mo- 
tion, radial inward motion, radial outward motion 
and combinations thereof. Patterns for local How 
vectors capable of being produced by the present 
invention as summarized above are not limited to 
those specified above which are set forth only by 
way of example to facilitate an understanding of the 
invention. 

More preferably, the means for introducing 
reactant gas into the chamber comprise multiple 
spaced apart orifices, sets of the orifices being in 
communication with external manifolds preferably 
of annular configuration. The arrangement of the 
external annular manifolds permits the use of sepa- 
rate regulators in order to introduce one or more 
gases including reactant gases, earner gases and 
the like as necessary for a particular deposition 



process being contemjNated. The invention also 
contemplates po$sit>ie use of a portion of the 
orifices as additional exhaust vents in order to 
make the CVD reactor or apparatus ev n more 
s versatile. 

The CVD gas iniection apparatus also prefer- 
ably includes adjustable baffle means associated 
with the orifices or other means for introducing 
reactant gases in order to control or adiust the 
10 injection angle of the gases being introduced into 
the chamber. 

It is a related object of the invention to provide 
a method of chemical vapor deposition wherein a 
deposition substrate or wafer is arranged in a 
15 closed chamber with reactant gas being inuoduced 
into the chamber. Multiple exhaust vents are con- 
nected in spaced apart relation with the chamber 
and selectively regulated between opened and 
closed condition in order to induce a selected 
20 pattern or patterns of ftow vectors for the reactant 
gas in the chamber adjacent the substrate in order 
to enhance deposition uniformity and preferably to 
also enhance deposition conformance. 

Preferably, the CVO method of the invention 
25 includes additional steps or limitations similar to 
those noted above in connection with the CVO 
reactor. 

Additional objects and advantages of the ihven- 
tion are made apparent in tne foilowing description 
30 naving reference :o the accompanying drawings. 

Brief Description of the Drawings 
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FIGURE 1 is a pictorial representation of a CVD 
reactor constrjctec accor::inQ to *e present in- 
vention, portions of the reactor being illustratecS 
schematically. - 

FIGURE 2 is a view taken along section lines 11- 
II in FIGURE 1 in order to becter illustrate inter- 
nal construction of the reactor. 
FIGURE 3 is an enlarged fragmentary view simi- 
lar to FIGURE 2 for bener illustrating baffles 
mounted adjacent gas inlet orifices for statically 
regulating directionality of gas entering a cham- 
ber within th.e reactor. 
FIGURE 4 is a plan view of the reactor. 
FIGURE 5 is a view taken along section line V-V 
of FIGURE 3 to illustrate annular construction of 
the baffles. 

FIGURE 6 is a view taken along section line 
VI of RGURE 2 better illustrate arrangement of 
th gas inlet orifices, without the baffles, and 
manifolds interconnecting the orifices with regu- 
lators for the respective manifolds. 

Description of the Prefen-ed EmbodinT'ent 
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Referring now to the drawings and particuiarty 
to FIGURES 1 and 2. a CVD reactor is g neratly 
indicated at 10 which includes the various details of 
construction as listed above while also being ca- 
pable of operation In the manner summarized 
above. 

The CVD reactor 10 includes a housing 12 
formed by a cylindrical shell 14 of relatively short 
axial length. The axial ends of the cylindrical shell 
14 are closed by generally flat walls or sub-hous- 
ings 16 and 18. The lower wall 16 is, in effect, a 
heater housing including two or more pins 20 for 
supporting a substrate or wafer 22 within a cham- 
ber 24 fonmed by the cylindrical shell 14 between 
the axially arranged housings 16 and 18. The lower 
wall or heater housing 16 includes a heater ele- 
ment 26 arranged adjacent the support pins 20. 
The heater element 26 is preferably provided for 
heating the wafer or substrate 22 to an appropriate 
processing temperature, as is well known to those 
sidlled in the art. 

The upper wall 18 is an injector housing prefer- 
ably formed from two plates 28 and 30, the plate 
30 forming an upper surface for the chamber 24 
and the other plate 28 being arranged extemally 
from the chamber. 

The upper or external plate 28 forms ten radi- 
ally spaced gas manifolds 32-50, all of the man- 
ifoids being of annular construction, as may be 
best seen in FIGURE 6. The inner plate 30 forms 
an array of gas inlets, preferably sonic orifices 
generally indicated at 32A-50A. Referring again to 
FIGURE 6, it may be seen that a cylindrical ar- 
rangement of the orifices corresponds with each of 
the manifolds 32-50 in order to provide restrictive 
communication for gas from the manifolds into the 
chamber 24. The sonic orifices 32A-50A are prefer- 
ably formed as Inserts from hardened metal in 
order to prevent or minimize deterioration from 
reactant gas entering the chamber 24. Preferably, 
each cylindrical array includes approximately 
twelve orifices, at least adjacent the radially outer 
portions of the chamber 24. However, only six 
orifices are illustrated in each circumferential series 
in FIGURE 6 in order to better illustrate other 
components of the reactor. 

Refening particularly to FIGURE 3, annular baf- 
fles 32B-50B are secured to an Inner surface 34 of 
the plate 30 adjacent the respective circumferential 
arrays of orifices 32A-50A. As illustrated in FIGURE 
3, the baffles 32B-50B are adjustable and are con- 
figured for statically detemnining or regulating 
directionality of gas flow from the orifices 32A-50A 
into tfie chamber 24 as represented by the anrows 
36, 

Referring again to Figs. 1 and 2 each of the 



annular gas manifolds 32-50 is provid d with an 
external vah/e or regulator 32C-50C. The extemal 
r gulators are adapted for connection with one or 
more sources of reactant gases such as those 

5 schematically indicated at 38 and 40. Depending 
upon the specific application, different numbers of 
individual gas sources could be employed. In any 
event, the two sources 38 and 40 indicate the 
possibility of cwDbining two or more gases to form 

70 the reactant gas environment within the chamber 
24. For example, in the deposition of silicon diox- 
ide, the two sources 38 and 40 could provide silane 
and oxygen. However, as noted above, a wide 
variety of otiier gases could be employed as con- 

15 templated by the present Invention. In any event, 
tine gas sources 38 and 40 are selectively con- 
nected with one or more of the external regulators 
In order to assure optimum flow conditions for the 
reactant gas within the chamber 24. The sources 

20 38 and 40 could be connected with the external 
regulators, for example, by conduits or the like (not 
shown). Preferably, gases from both sources 38 
and 40 are connected with certain of the extemal 
regulators to permit mixing of the gases to form the 

25 desired reactant gas within certain of the manifolds 
prior to introduction of the reactant gas into the 
chamber 24. 

Exhaust vents for regulating the passage or 
exit of effluent material from the chamber 24 are 

30 arranged in spaced apart communication with the 
chamber 24. Preferably, the cylindrical shell 14 
forms exhaust passages 52 circumferentially 
spaced about the periphery of the chamber 24 and 
in communication with external exhaust members 

35 54 each including a separate control valve 56 . 

At least one additional exhaust passage 58 is 
fomned in an axially central portion of the chamber 
24. preferably by the plates 28 and 30. The ex- 
haust passage 58 is similarly in communication 

40 with an extemal exhaust member 60 having an 
individual control valve 62. The extemal exhaust 
members 54 and 60 may be connected for exam- 
ple with a vacuum pump as schematically indicated 
at 64, for example by conduit or the like (not 

45 shown). Additional exhaust passages (not shown) 
could be provided in tiie center of the chamber 24, 
if desired. 

The conti'ol valves 66 and 62 are adapted for 
sequential operation, preferably by automated 

50 means (not shown) in order to selectively open or 
close tiie individual exhaust passages 52 and 58 
between ttie chamber 24 and vacuum means 64. 

The combination of control valves 56 and 62 , 
either alone or in combination witii tiie automated 

55 means referred to above, provides a kinetic means 
for regulating directionality of local flow vectors for 
reactant gas witiiin the chamber 24 as described in 
greater detail below in a method of operation for 



4 



7 



EP 0 410 442 A1 



8 



the reactor 10. 

The method of operition for the CVO reactor 
10 is believed app^^ent from »he preceding de- 
scriptior^. However, a preferred mode of operation 
for the reactor 10 is bnefly described below in 
order to assure a more oomplete understanding of 
the invention. 

Initially, a selected substrate such as a wa/er of 
silicon or gallium arsenide or the Ike is mounted 
within the chamber 24 upon the support pins 20. 
The housing 12 could include means (not shown) 
adapted for permitting adjustrrwn of axial spacing 
between the substrate 22 and the upper wall or 
more specifically its inner plate 30. This could be 
accomplished, for example, by replacing the cylin- 
drical shell 14 with another component of different 
axial length or possibly by adjustable means (not 
shown). 

In any event, with the substrate 22 arranged 
within the chamber 24. a selected combination of 
the external regulators 32C-50C are interconnected 
with gas sources such as those indicated at 38 and 
40. In typical reactions, at least two of the regula- 
tors are connected with the gas sources. For exam- 
pie. at least the external regulators 32C and 50C 
which are connected with the radiaJly inner and 
radially outer annular manifolds 32 and 50 are 
connected with the gas sources for permitting flow 
of reactant gas into the charr.oer 24 through the 
ciniajmferential arrays 32A and 5CA of sonic 
orifices. 

However, any combination of the extemai regu- 
lators could be connected with the gas sources. 
Alternatively, one or more cf the external regulators 
could aiso be connected witr. the vacuum for 
certain applications. Such a pcssibilit/ provides 
even greater versatility in th.e '3actcr of the present 
invention. 

With a selected portion cf the regulators ccrv 
nected with the gas sources and the exhaust mem- 
bers 54 and 60 being coupiec with the vacuumt 54. 
the heater element 26 is preferably energized to 
heat the substrate 22 to a selected temperature 
and the vacuum is operated to establish a pre- 
ferred pressure level within t^e chamber 24. Pres- 
sure within the cham.ber 24 may be maintained at a 
low level, for example less than about 133 Pa (i 
Tonr) and as low as 13.3 Pa (0.1 Tonr) or at a high 
pressure condition, of about i atmosphere, for ex- 
ample. 

With the desired pressure and temperature 
conditions established in the chamber 24, reactant 
gas is then introduced through the selected com- 
bination of external regulators. 

The baffles 328-508 are adjusted as desired in 
order to statically adjust directionality of gas fiov* 
entering the chamber 24 and approaching the sub- 
strate 22. This adjustment of the baffles is of 



course preferably accomplished prior to the com- 
mencement of each deposition process as is th 
selection of extemai regulators coupied with the 
gas sources. 

s With reactant gas flowing into the chamber 24 

through certain of the orifices 32A-50A, the exhaust 
control valves 56 and 62 are operated sequentially 
in order to develop or induce selected patterns of 

local flow vectors for reactant gas within the cham- 
10 t>er and adjacent the substrate 22. For example, it 
may be seen that sequential opening and closing 
of the peripheral exhaust passages 52. either with 
the central exhaust passage 58 being open or 
closed, tends to develop either a clockwise or 
^5 counterclockwise flow pattern within the chamber. 
The particular direction depends, of course, upon 
the sequence in which the extemai exhaust vents 
are opened and closed by the control valves 56 . 
similarly, radial flow of reactant gas within the 
20 chamber 24 may be induced by first opening the 
center exhaust passage 58 and closing one or 
more of the peripheral exhaust passages 52 and 
then reversing that pattern to open the peripheral 
exhaust passages and close the center passage. 
25 Opening and dosing of the exhaust passages 

can of course be perfcrmed in various combina- 
tions and sequences in order to better regulate the 
flow of reactant gas along the surface of the sub- 
strate 22 and to ^ereoy anhance coating uniform- 
30 ity on the substrate and conformarKe of deposition 
if desired or necessary. 

In any event, the preceding method of opera- 
tion is representative of a wide variety of such 
variations possible through static adjustment of the 
:s baffles and selection of th.e extemai regulators or 
connection with the gas sources. At the same time, 
still greater versadiity is made possible by dynamic 
regulation of directionaiity through sequential op- 
eration of the exhaust control valves as noted 
40 above. 

Numerous additional modifications and vari- 
ations will be apparent in addition to those specifi- 
cally noted above. Accordingiy. the scope of the 
present invention is defined only by the following 
45 appended claims which are also exemplary of the 
invention. 



Claims 

50 

1. A chemical vapor deposition (CVD) reactor (10) 
comprising 

a housing (12) forming a chamber (24) suitable for 
maintaining a deposition substrate (22) in an envi- 
55 ronment of selected pressure. 

means (16, 20) for supporting the deposition sub- 
strate (22) in the chamber (24). 
means (32-50) for introducing reactant gas into the 
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chamber (24), 

multiple exhaust vents (52. 54) arranged in spaced 
apart communication with the chamber (24), and 
valve means (56) resp ctively associated with the 
individual exhaus vents (52, 54) for inducing a 
selected pattem of flow vectors for the reacted gas 
in the chamber (24) adjacent the sut^strate (22) in . 
order to enhance deposition uniformity. 

2. The CVO reactor of claim 1 

wherein the vaJve means (56) are further operable 
for enhancing deposition conformance. 

3. The CVD reactor of claim 1 or 2 

further comprising at least one additional exhaust 
vent (58, 60) arranged in an axially central portion 
of an end wall (18), a similar valve means (62) 
being associated therewith for inducing the se- 
lected pattem of flow vectors for the reactant gas. 

4. The CVD reactor of any of claims 1-3 

wherein the valve means (56, 62) are operable for 
sequentially opening and closing selected com- 
binations of the exhaust vents (52. 54. 60) in var- 
ious combinations for Inducing selected reactant 
gas flow vector pattems including clockwise swirl- 
ing motion, counterclockwise swirling motion, radi- 
ally inward motion, radially outward motion and 
combinations thereof. 

5. The CVD reactor of any of claims 1-4 

wherein the means for introducing the reacted gas 
comprise restrictive orifices (32A-50A) communi- 
cating one or more external reactant gas manifolds 
(38. 40) with the chamber (22). 

6. The CVD reactor of any of claims 1-5 

further comprising multiple manifolds (32-50) and a 
plurality of circumferential ly anranged orifices (32A- 
50A) communlcafing each manifold (32-50) with the 
chamber (24). 

7. The CVD reactor of claim 6 

further comprising respective regulator means 
{32C-50C) for communicating each annular mani- 
fold (32-50) with a gas source (38, 40) or with a 
vacuum source (64). 

8. The CVO reactor of any of claims 1-7 

further comprising adjustable baffle means (32B- 
50B) associated with the means (32-50) for in- 
troducing reactant gas into the chamber or the 
respective orifices (32A-50A) for adjusting the in- 
jection angle of gas introduced into the chamber 
(22). 

9. The CVD reactor of claim 8 

wherein the baffle means (32B-50B) are annularly 
formed adjacent the circumferentially arranged 
orifices (32-50A) for each annular manifold (32-50). 

10. The CVD reactor of any of claims 1-9 
wherein said supporting means (16, 20) and said 
introducing means (32-50) are arranged on op- 
posite axial ends of said chamber (24),. 

1 1 . Th CVD reactor of any of claims 6-10 
wherein said manifolds (32-50) are annularly 



formed and arranged adjacent an end wall (18) of 
said chamber (22). 

12. The CVD reactor of any of claims 1-11 
wherein the chamber (22) and the means (16, 20) 

5 for supporting the substrate (22) are configured for 
receiving a single wafer as the substrate. 

13. The CVD reactor of any of claims 1-12 
wherein the chamber (24) is cylindrical and the 
multiple exhaust vents (52. 54) are arranged about 

10 the cylindrical periphery of the chamber (24). 

14. A chemical vapor deposition (CVD) method 
comprises the steps of 

arranging a deposition substrate (22) in a chamber 
(24) at a selected pressure, 

15 Introducing reactant gas into the chamber (24). 
connecting multiple exhaus vents (52, 54) in 
spaced apart relation with the chamber (24), and 
selectively regulating communication of the respec- 
tive exhaust vents (52, 54) with the chamber (24) 

20 for Inducing a selected pattem of flow vectors for 
the reactant gas In the chamber (24) adjacent the 
substrate (22) in order to enhance deposition uni- 
formity. 

15. The CVD method of claim 14 

25 wherein communication of the respective exhaus 
vents (52, 54) with the chamber (24) is also selec- 
tively regulated for enhancing deposition confor- 
mance. 

16. The CVD metiiod of claim 14 or 15 

30 wherein the chamber (24) is generally cylindrical 
and the multiple exhaust vents (52, 54) include a 
plurality of vents arranged about the periphery of 
the cylindrical chamber (24) and at least one cen- 
trally arranged exhaust vent (60), communication of 

35 the respective exhaust vents (52, 54, 60) witii tiie 
chamber (24) being selectively regulated for se- 
quentially opening and closing selected combina- 
tions of the exhaust vents in various combinations 
for inducing selected reactant gas flow vector pat- 

40 terns including clockwise swiriing motion, coun- 
terclockwise swirling motion, radial inward motion, 
radial outward motion and combinations thereof. 

17. The CVD metiiod of claim 16 

wherein space apart restiictive orifices are provided 
45 for introducing reactant gas into tiie chamber (24) 
and further comprising the step of communicating 
selected combinations of the orifices with a gas 
source (38, 40) or gas sources or with a vacuum 
source (64). 

so 18. The CVD metiiod of any of claims 14-17 

further comprising the step of mechanically adjust- 
ing tiie Injection angle of reactant gas introduced 
into the chamber (24). 
19. The CVD method of any of claims 14-18 

55 wherein the chamber (24) is configured for receiv- 
ing and supporting a single wafer as the deposition 
substrat (22). 
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